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Bob and Dave
Here is a draft insert for Appendix B that summarizes the work I have done to date on the fitting of
the Marysville data to derive an RfC.
Some points to note:

<![if !supportLists]> <![endif]> I have located in the BMDS guidance how to calculate the1) 

BMDL, using the likelihood ratio method. I can implement that, but it will take a while. The
method of simply adding 1.645 times some parameter is not correct and would get shot
down.

<![if !supportLists]> <![endif]>The draft text only describes the fitting of the un-stratified data2) 

set. I could not find any easy way to introduce the stratified fitting, and then rejecting it. I will
work on a way to add this later, but for now, since time is critical, I think it is ok to leave it
out.

<![if !supportLists]> <![endif]>I tried fitting the individual data in BMDS. In theory it should3) 

work. I got a result, but it is not realistic. I will continue to try to see if all of our calcs can be
moved over into BMDS. Would be easier to present and explain if this can be made to work
for the individual data.

************************************
Bill Brattin
SRC, Inc.
999 18th Street Suite 1975
Denver CO 80202
Phone: 303-357-3121
Fax: 303-292-4755
e-mail: brattin@srcinc.com


APPENDIX B



EPA REGION 8 EVALUATION OF EXPOSURE-RESPONSE DATA

FOR DISCRETE PLEURAL THICKENING IN WORKERS

FROM THE MARYSVILLE COHORT



Exposure Metrices



In order to develop an RfC from the data, a mathematical model is needed that describes the probability of effect (discrete pleural thickening) as a function of some appropriate exposure metric.  A priori, it was assumed that risk (the probability of effect) was likely to depend on one or more of three key variables:



· Mean exposure concentration (C, f/cc)

· Exposure duration (d, yrs)

· Latency (time from first exposure to time of observation) (L, yrs)



Consequently, three alternative exposure metrices were investigated:



· C = mean exposure concentration (f/cc)

· CE = cumulative exposure (C*d, f-yrs/cc)

· CE*L = latency-weighted cumulative exposure (CE*L, f-yrs2/cc)



Statistical Models



Data all three exposure metrics were evaluated using logistic and log-logistic models:



	Logistic Model

		p = 1 / [1 + exp(-z)]

z = b0 + b1*(exposure metric)

Log-Logistic Model

		p = γ + (1-γ) / [1 + exp(-z)]

z = b0 + b1*ln(exposure metric)

γ = background rate in the absence of exposure



All fitting was performed using the exposure and health outcome data for each individual worker.  No binning of the workers according to exposure was performed.  Model parameters were estimated using the method of maximum likelihood estimation (MLE), as described in USEPA (2009).  The relative goodness of fit of each model to the data was evaluated in terms of Akaike’s Information Criterion (AIC):



	AIC = -2LL + 2P	 



where:



	LL = log-likelihood value

	P = number of model parameters



In general, the UCL associated with the lowest AIC is preferred, although any model with an AIC value that does not exceed the minimum AIC value by more than about 2 may also be considered as an acceptable option (Burnham and Anderson 2002).



Selection of Preferred Model



The AIC values for each of the six alternative models are summarized below:



AIC Values

		Exposure Metric

		Logistic

		Log-Logistic



		C (f/cc)

		273.34

		265.14



		CE (f-yrs/cc)

		269.04

		259.85



		CE*L (f-yrs2/cc)

		268.38

		257.14







As seen, the log-logistic model fit the data substantially better than a logistic model for all three potential exposure metrices.  Within each model, the CE metric provided a substantially better fit than was achieved using C as the exposure metric, and the CE*L metric was somewhat better than CE.  Based on this, the models selected for detailed investigation were log-logistic models using CE and CE*L as the exposure metrices. 



Figure 1 presents the best fit log-logistic fit to the data using CE as the exposure metric.  The value of γ was set to a value of 1%, based on the data of [insert refs here].  The graph also includes the raw data, grouped into 5 bins.  This is only to provide a rough evaluation of the goodness of fit between the model and the data.  However, as noted above, the model was fit to the individual data, not to the binned data.  Figure 2 presents a similar figure, using CE*L as the exposure metric.



As seen, the data form an exposure response curve that is quite steep as the low exposure levels, tending to plateau as exposure increases.  This steep slope at low dose suggests that even relatively low exposures to LA may tend to increase the probability of discrete pleural thickening.



Calculation of BMD



The benchmark dose (BMD) is an exposure that yields a specified benchmark response (BMR).  The BMR selected for calculation of the BMD is an added risk of 5%.  Given this choice, the BMD is calculated from the best-fit model parameters as follows (USEPA 2009):



	 



Results (taken from Figures 1 and 2) are as follows:



		Exposure  metric

		BMD



		CE

		0.00437 f-yrs/cc 



		CE*L

		0.169 f-yrs2/cc







Because use of CE*L provides a slightly better fit of the model to the data, and because it is logical that risk should depend on latency, the BMD of 0.169 f-yrs2/cc is identified as the preferred BMD for use in deriving RfC values.



Calculation of BMDL



Not done yet



Adjustment for Uncertainty



Apply appropriate UF to BMDL.  Not done yet



Calculation of RfC Values



Using the BMD selected above, the hazard quotient (HQ) is calculated as follows:



	HQ = (C * d * L) / BMD (f-ys2/cc)



Rearranging, the RfC (f/cc) is calculated as follows:



	RfC = BMD / (d * L)



In order to be protective, it is assumed that the time of observation is age 70 in all cases.  That is:



	L = 70 – age at first exposure



Table 1 shows RfC values (f/cc) that correspond to an HQ of 1.0 for a range of different exposure durations and latencies. [Note..this table uses the BMD unadjusted for uncertainty.  After adjustment, values will be lower]



For example, consider an individual who is exposed from age 0 to 30.  In this case, duration is 30 years and latency is 70 years.  From Table 1, the concentration that corresponds to an HQ of 1.0 is 8.0E-05 f/cc.
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TABLE 1.  RfC VALUES FOR VARIOUS SCENARIOS
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		   All RfC values are in units of f/cc.








FIGURE 1.  FITTING RESULTS FOR LOG-LOGISTIC MODEL

USING CE EXPOSURE METRIC
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FIGURE 2.  FITTING RESULTS FOR LOG-LOGISTIC MODEL

USING CE*L EXPOSURE METRIC
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Duration


yrs 5 10 20 40 70


1 3.4E-02 1.7E-02 8.4E-03 4.2E-03 2.4E-03


2 1.7E-02 8.4E-03 4.2E-03 2.1E-03 1.2E-03


5 6.8E-03 3.4E-03 1.7E-03 8.4E-04 4.8E-04


10 1.7E-03 8.4E-04 4.2E-04 2.4E-04


20 4.2E-04 2.1E-04 1.2E-04


30 1.4E-04 8.0E-05


40 1.1E-04 6.0E-05


50 4.8E-05


70 3.4E-05


Latency (years)
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BINNED RESULTS


Bin Min Max Mean N Cases Latency Prev


1 0.00 0.12 0.063 51 3 28.29 0.0588


2 0.12 0.20 0.159 50 8 35.14 0.1600


3 0.20 0.43 0.293 50 13 35.18 0.2600


4 0.43 2.73 1.205 50 16 33.99 0.3200


5 2.73 34.62 13.584 51 19 39.54 0.3725


252 59


Model z = b0 + b1*ln(CE)


Results γ 0.01 [fixed]


b0 -1.08


b1 0.341


BMR 0.05


AIC 259.85 BMD 0.00437 f-yrs/cc


Bkg 1.0% BMC(30) 0.00015 f/cc (30 yr duration)


CE (f-yrs/cc)
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BINNED RESULTS


Bin Min Max Mean N Cases Latency Prev


1 0.00 3.7 1.81 51 2 27.69 0.0392


2 3.66 7.4 5.45 50 8 33.97 0.1600


3 7.44 13.3 10.19 50 13 36.43 0.2600


4 13.32 97.7 40.95 50 16 33.73 0.3200


5 97.71 1636.0 577.37 51 20 40.32 0.3922


252 59


Model z = b0 + b1*ln(CE*L)


Results γ 0.01 [fixed]


b0 -2.31


b1 0.348 BMR 0.05


BMD 0.16891 f-yrs^2/cc


AIC 257.14 BMD 0.002413f-yrs/cc (70 yrs latency)


Bkg 1.0% BMC(30) 8.0E-05 f/cc (30 yrs duration)


CE*L (f-yrs^2/cc)
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